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??? t????? st???a??????????????????????Q(st, a)
????????????????????????????????????????
????????????????????????????????????????
?????????????? s0?? t????????? st???????????
st?????? a??????????????Q(s0, s1, s2, . . . , st, a) ????????
????????????????????????????
???????????????????????????????????????
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???? s??? a?????????????? s′???????????????
r???????????????????????????????????????
?????????? s′??????????????????? 1?????? 0??
????? 0.5???????????????? 0????
?? s???????????? V (s)????? s?????? a?????????
????????Q(s, a)?????????????????????? V (s)??? s





















V (s) ← V (s) + α[Rt − V (s)] (2.1)
Q(s, a) ← Q(s, t) + α[Rt −Q(s, t)]. (2.2)
????T ???????????????α????????0 < α < 1??????
Rt??????????????????????????????????????
?????????????:
Rt = rt+1 + γrt+2 + γ
2rt+3 + · · ·+ γT−t−1rT . (2.3)
??? rt??? t???????????γ???? (0 ≤ γ ≤ 1)????MC????
? s???????????????????????????Rt?????????







V (s) ← V (s) + α[γT−t−1rT − V (s)]
Q(s, a) ← Q(s, t) + α[γT−t−1rT −Q(s, t)].










?????????TD???? t + 1????????????????? rt+1???
? V (st+1)?????????????????????TD??TD(0)???????
????:
V (st)← V (st) + α[rt+1 + γV (st+1)− V (st)]. (2.5)






α[γV (st+1)− V (st)] (st+1??????)








?? a?????? r???? s′?????







????MC?????V (st)? rt+1?? γT−r−1rT ???????????:
Rt = rt+1 + γrt+2 + γ





R(1)t = rt+1 + γV (st+1). (2.8)
?????????????????R(1)t ? 1?????????????? γV (st+1)
??(2.7)?????? γrr+2 + γ2rt+3 + · · ·+ γT−t−1rT ???????????2???
????????????????:
R(2)t = rt+1 + γrt+2 + γ
2V (st+2). (2.9)
????γ2V (st+2)? γ2rt+3 + γ3rt+4 + · · ·+ γT−t−1rT ????????????????
n???????????????:
R(n)t = rt+1 + γrr+2 + γ





????????????????t+1??T ??????????????? t+n ≥ T
?????R(n)t = R
(T−t)
t = rt+1 + γrt+2 + γ



















λ ≤ 1)????????????????????????? λ??????????
???????:










??????????????? 1− λ?????????? 1????????????
?????????????n?????????Rt?????????????T−t


































λ = 1????? (2.12)????????:
Rλt = Rt. (2.13)































?????? (eligibility trace)???????????????????????? t?
????? s????????? et(s) ∈ R+ ???????????????????
???????????????? γλ ??????????????????????
?????????????? s ∈ S?????????? 1??????:
et(s) =
{
γλet−1(s) (s ̸= st)
γλet−1(s) + 1 (s = st).
(2.18)




???, TD???, ??????, ????????????????????????
?????????????????????? s ∈ S?????










?? a?????? r???? s′?????
δ ← r + γV (s′)− V (s)
e(s)← e(s) + 1
???? s?????











TD(0)???????????? (2.5)? V (s)?Q(s, a)????????? Sarsa(0)
??????????
Q(st, at)← Q(st, at) + α[rt+1 + γQ(st+1, at+1)−Q(st, at)]. (2.20)
??????????? st????????????????????st+1????
????????Q(st+1, at+1)? 0????????????????????????










Q(s, a)← Q(s, a) + α[rt+1 + γQ(s′, a′)−Q(s, a)]












δ ← r + γQ(s′, a′)−Q(s, a)
e(s, a)← e(s, a) + 1
??? s, a?????
Q(s, a)← Q(s, a) + αδe(s, a)
e(s, a)← γλe(s, a)










































??x1, x2, . . . , xn???????????????????????????????






σ ← zc(1− zc)(zd − zc). (2.24)
Step2 ???? j????????????????????????????∆wj
?????????:
∆wj ← ησyj + β∆wj. (2.25)
Step3 ???? j????????????????????????wj????
?????:
wj ← wj +∆wj. (2.26)
Step4 ?? vij?????????????? j??????????????? τj
????????:
τj ← yj(1− yj)σwj. (2.27)
Step5 ???? i???????????? j?????????????????
??∆vij????????:
∆vij ← ητjxi + α∆vij. (2.28)
Step5 ???? i???????????? j??????????????? vij?
????????:
























Step1 ???????????Q(s, a)??????????????Q(s′, a′)??
?????? r?????TD?? δ?????????
δ ← r + γQ(s′, a′)−Q(s, a). (2.31)
Step2 TD?? δ????? j????????????????????? ewj ?
?????? j???????????????????wj????∆wj????
∆wj ← βδewj .
Step3???? j????????????????????????wj?????
wj ← wj +∆wj.
Step4 TD?? δ????? i????????????? j???????????
???????????? evij ??????? i???????????? j???
???????????? vij????∆vij????
∆vij ← αδevij .
Step5 ???? i???????????? j??????????????? vij?
????




Step1 ???????????????????????Q(s, a)???? z???
????????????? σ????
σ ← z(1− z). (2.32)
Step2 σ????? j??????????? yj???????? j???????
?????????????? ewj ??????????
ewj ← λewj + σyj.
Step3 ???? j??????????? yj ???????????????? τj
????
τj ← yj(1− yj).
Step4 σ?τ ????? i??????????? xi???????? i??????
??????? j??????????????????????? evij ?????
??????
evij ← λevij + σwjτjxi.✒ ✑
??????????????????????????????????????
1: ??????????????????????????? ev, ew? 0???
2: ????????????
3: ???????????????
4: ???????? s?? a???
5: ???????????????????
6: ? a???,r, s′?????
7: ?????? s′?? a′???








TD?? δ??????????????????????? r+ γQ(s′, a′)??????
???????? r+ γ(1−Q(s′, a′))??????????TD???????????














































?????????????????????B = {b1, · · · , bn}??????????
















d(f, PB)− d(f, PR)
d(f, PB) + d(f, PR)
.
??????? d(x, y)????? x?y?????????????????????














































































UCB1???? i??? xi?? i??????????????? ni????????
?????? n??????????????????
































































































































??. MD =?????????????????????????????MD =??
???????MD = ?????????????????????????????
????MD =??????????????????????????MD????































































?????????? st?????????????? s0, s1, · · · , st????????
??? V (st)????Q(st, a)?Q(s0, s1, s2, · · · , st, a)??????








????????????????MC??Q(st, a)?????3,000??Q(s0, s1, s2, · · · , st, a)






? 4.3: ?? 1,2,3,4
? 4.4: ? 1,2
31
????????????MC?TD(0)?????????????? 4?????
??????????????? V (st)?? 4.3????
? 4.3: ????????????MC,TD(0)???? 4??????????????
MC TD(0)
?? 1 0.57316 0.50597
?? 2 0.47536 0.49885
?? 3 0.78338 0.82746
?? 4 0.32598 0.16268





? 4.4: ??????????????MC,TD(0)???? 2????????????
?????Q(st, a)
MC TD(0)
?? 1+? 1 0.7513 0.5000
?? 1+? 2 0.2487 0.4737
?? 3+? 1 0.5000 0.5000
?? 3+? 2 0.5000 0.4737
??????????????MC?TD(0)?????????????? 4???
?????????????Q(s0, s1, s2, · · · , st, a) ?? 4.5???.
? 4.5: ??????????????MC,TD(0)???? 2????????????
?????Q(s0, s1, s2, · · · , st, a)
MC TD(0)
?? 1+? 1 0.7632 0.5000
?? 1+? 2 0.2368 0.4737
?? 3+? 1 0.5000 0.5000
?? 3+? 2 0.5000 0.4737
Q(st, a)?Q(s0, s1, s2, · · · , st, a)????????????????????MC??











Q(st, a)???Q(s0, s1, s2, · · · , st, a)?????ϵ-??????????,?? ϵ????








? 4.6: ϵ-??????????????MC,TD(0)???? 2???????????
??????Q(st, a)
MC TD(0)
?? 1+? 1 0.35232 0.45047
?? 1+? 2 0.40377 0.36868
?? 3+? 1 0.64785 0.52311
?? 3+? 2 0.14268 0.35744
? 4.7: ϵ-??????????????MC,TD(0)???? 2???????????
??????Q(s0, s1, s2, · · · , st, a)
MC TD(0)
?? 1+? 1 0.54157 0.46019
?? 1+? 2 0.35675 0.40768
?? 3+? 1 0.56487 0.53142






Q(st, a)??MC?Q(s0, s1, s2, · · · , st, a)??TD????????????????















? 4.8: ????????????MC,TD(0)???? 4??????????????
????? V (st)
MC TD(0)
?? 1 0.3787 0.4182
?? 2 0.6971 0.5808
?? 3 0.5759 0.6495
?? 4 0.3493 0.3657
? 4.9?MG3???? ϵ-??????????????MC ???TD(0)???? 2
?????????????????????Q(st, a)????
? 4.9: ϵ-??????????????MC,TD(0)???? 2???????????
??????Q(st, a)
MC TD(0)
?? 1+? 1 0.3959 0.5129
?? 1+? 2 0.3698 0.4301
?? 3+? 1 0.5466 0.5211
?? 3+? 2 0.4921 0.4499
????MG3???? ϵ-??????????????MC???TD(0)???? 2?
????????????????????Q(s0, s1, s2, · · · , st, a)????




? 4.10: ϵ-??????????????MC,TD(0)???? 2???????????
??????Q(s0, s1, s2, · · · , st, a)
MC TD(0)
?? 1+? 1 0.4423 0.5208
?? 1+? 2 0.4806 0.4573
?? 3+? 1 0.4922 0.5597

























100? 0 ∼ 0.20?????
200? 0 ∼ 0.10?????































??−1 ∼ 1????????−1 ∼ 1???????? 32???????????




























? 5.3: NORMAL??????????? 3000???????
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 10 61 1429 61 9 1430
OP-EST 11 53 1436 66 11 1423
























































? 5.4: Rule:Turn200???????NORMAL??????????? 3000????
???
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 26 61 1413 57 22 1421
OP-EST 23 60 1417 48 26 1426
BOTH-EST 32 73 1395 79 27 1394
? 5.5: Rule:TurnLimitSecondWin??????? NORMAL???????????
3000???????
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 28 48 1424 57 22 1421
OP-EST 22 81 1397 66 23 1411
BOTH-EST 9 57 1434 59 15 1426
? 5.6: Rule:Decision1???????NORMAL??????????? 3000????
???
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 24 58 1418 53 36 1411
OP-EST 17 54 1429 54 12 1434
BOTH-EST 25 66 1409 54 23 1423
? 5.7: Rule:Decision2???????NORMAL??????????? 3000????
???
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 34 81 1385 66 30 1404
OP-EST 12 54 1434 54 29 1417
BOTH-EST 6 69 1425 39 9 1452
43
? 5.8: Rule:Decision3???????NORMAL??????????? 3000????
???
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 8 60 1432 59 14 1427
OP-EST 14 73 1413 69 17 1414









































? 5.9: Hand-LimitSamePosition1??NORMAL??????????? 3000????
???
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 14 69 1417 68 29 1403
OP-EST 31 73 1396 56 30 1414
BOTH-EST 34 56 1410 44 12 1444
? 5.10: Hand-LimitSamePosition2??NORMAL??????????? 3000???
????
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 29 71 1400 67 13 1420
OP-EST 31 62 1407 84 21 1395
BOTH-EST 38 94 1368 108 43 1349
46
? 5.11: Hand-SuperLimit1??NORMAL??????????? 3000???????
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 27 59 1414 53 16 1431
OP-EST 7 50 1443 33 8 1459
BOTH-EST 16 58 1426 76 22 1402
? 5.12: Hand-SuperLimit2??NORMAL??????????? 3000???????
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 16 51 1433 69 16 1415
OP-EST 36 76 1388 71 29 1400















???? ???? ???? ???? ???? ????
NO-EST 27 63 1410 70 37 1393
OP-EST 25 53 1422 42 21 1437





???? ???? ???? ???? ???? ????
NO-EST 95 131 1274 149 108 1243
OP-EST 24 78 1398 87 39 1374
BOTH-EST 40 76 1384 84 42 1374
? 5.15: Hand-SuperLimit1????????NORMAL??????????? 3000?
??????
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 54 86 1360 84 48 1368
OP-EST 34 68 1398 62 23 1415
BOTH-EST 26 43 1431 50 27 1423
? 5.16: Hand-SuperLimit2????????NORMAL??????????? 3000?
??????
NORMAL?? ??????
???? ???? ???? ???? ???? ????
NO-EST 37 87 1376 100 43 1357
OP-EST 174 206 1120 198 195 1107

































































????12?????????????? s?−0.19 < s < 0.19?????????
??−0.19 ∼ 0.19???????? 10?????????????? 01000000000?


































































































































































































































































































































































































? 5.23: NEW-NO-EST????????????? 500????
????? ????? ????? ?????
12000 242 226 32
15500 156 157 187
17000 127 134 239
78000 56 53 391







????? ???? ???? ???? ???? ???? ????
12000 1217 179 104 182 1217 101
15500 634 85 781 115 625 760
17000 673 148 679 123 704 673
78000 63 120 1317 116 92 1292









? 5.25? OPTION-NO-EST??????????????? 500????????
???
? 5.25: OPTION-NO-EST????????????? 500????
????? ????? ????? ?????
13000 88 98 314
15000 162 165 173
19000 51 38 411
58500 210 201 89




? 5.26: ????????????OPTION-NO-EST????????????? AI
??????????????? 3000???????
OPTION-NO-EST?? ??????
????? ???? ???? ???? ???? ???? ????
13000 157 191 1152 196 158 1146
15000 209 206 1085 198 195 1107
19000 85 72 1343 93 91 1316
58500 252 262 986 242 240 1018
66000 36 52 1412 59 24 1417
??????????????? 58500??OPTION-NO-EST????AI????
?????????????????????????????????????
? 5.27? EXTRA-NO-EST??????????????? 500????????
???
? 5.27: EXTRA-NO-EST????????????? 500????
????? ????? ????? ?????
9000 264 236 0
12000 115 121 264
17000 80 84 336
22000 261 227 12




? 5.28: EXTRA-NO-EST????????????????? 3000???????
Normal?? ??????
????? ???? ???? ???? ???? ???? ????
9000 1472 26 2 21 1479 0
12000 188 61 1251 57 190 1253
17000 106 98 1296 106 110 1284
22000 550 610 340 649 527 324




















































? 5.12: NEW??AI???? 500?????????
NEW????????????????????????????????????
























































? 5.14: EXTRA??AI???? 500?????????
65
? 5.29: EXTRA-NO-EST????????????? 500????
????? ????? ????? ?????
22500 249 251 0
31500 162 178 160
44000 235 258 7
69500 264 229 7




???? ???? ???? ???? ???? ????
15500 724 663 113 650 720 130
22500 879 619 2 619 877 4
31500 306 344 850 364 269 867
44000 283 367 850 361 283 856
69500 672 695 133 694 658 148
100000 424 802 274 789 424 287
? 5.31: EXTRA-BOTH-EST????????????? 500????
????? ????? ????? ?????
9000 234 238 28
15500 182 186 132
33000 212 284 4
100000 246 254 0
66
? 5.32: ???????? EXTRA-BOTH-EST???????????????AI?
?????????????? 3000???????
EXTRA-BOTH-EST?? ??????
???? ???? ???? ???? ???? ????
9000 1278 27 195 24 1260 216
15500 150 129 1221 153 123 1224
33000 685 682 133 696 671 133













































































































? 5.33: ????????? EXTRA-BOTH-EST??AI?????????????
?? 3000???????
EXTRA-BOTH-EST?? ??????
????? ???? ???? ???? ???? ???? ????
20000 75 81 1344 87 66 1347
40000 519 620 361 621 538 341
60000 652 821 27 807 669 24
80000 694 754 52 772 670 58



























































































































































? 5.35??????? 192500???? 500????????????
? 5.35: LAST-BOTH-EST???????????
????? ??????????? ??????????? ?????????
























? 5.36? 192500???????? LAST-BOTH-EST???? AI????????
????????? 3000??????????????
? 5.36: LAST-BOTH-EST????????????????? 3000???????
LAST-BOTH-EST?? ??????
???? ???? ???? ???? ???? ????



















? 5.37: LAST-BOTH-EST???????MCT?????? 1000???????
LAST-BOTH-EST?? MCT??
???? ???? ???? ???? ???? ????



























? 5.38: Q-AI-Dfpn??????????? 3000???????
Q-AI-Dfpn?? ??????
???? ???? ???? ???? ???? ????
Q-AI-Dfpn 967 476 57 440 1004 56
? 5.39: Q-AI-Dfpn?MCT?????? 2000???????
Q-AI-Dfpn?? MCT??
???? ???? ???? ???? ???? ????
























































































? 5.41: Q-AI2-Dfpn??????????? 1000???????
Q-AI2-Dfpn?? ??????
???? ???? ???? ???? ???? ????
Q-AI2-Dfpn 248 134 118 105 268 127
? 5.42: Q-AI2-Dfpn?MCT?????? 1000???????
Q-AI2-Dfpn?? MCT??
???? ???? ???? ???? ???? ????
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